the underlying mechanism responsible for PEP can inform the modification of existing guidelines and can guide the development of new compounds, formulations, and routes of administration. As shown in nonhuman primate models, a key element for the success of PEP is the timing of the initiation and the duration of the treatment [9] ; current guidelines recommend a prompt start, within 72 hours after exposure, and a treatment duration of 28 days [1] . Another key factor is the need to maintain adequate drug levels of the active form of the antiretroviral agents at the target tissues to prevent viral replication. For this reason, it is important to manage the psychological consequences of the exposure and drug tolerability, as adherence can be impacted by both factors [1, 10] . An additional documented cause of failure of occupational PEP is exposure to drug-resistant HIV [7] . In this issue of the Journal, Li et al suggest a novel mechanism responsible for PEP failure: the persistence of sequestered infectious viral particles.
The authors present a case report of a HCW from Australia who, while drawing blood from an HIV-infected patient, accidentally inoculated a small amount of the patient's blood in her own finger. The source patient had been infected with HIV for more than a decade and had received treatment with 3 families of antiretroviral drugs. At the time of the incident, he was receiving zidovudine, lamivudine, and nevirapine but was not adherent to the treatment. He had a plasma viral load of >100 000 copies/mL, his CD4 + T-cell count was 279 cells/µL, and his virus carried a major mutation associated with nevirapine resistance, K103N, in the reverse transcriptase gene [11] . PEP (zidovudine, lamivudine, and indinavir) was initiated within 2 hours after the incident, and she completed 4 weeks of therapy, with a 4-day interruption during the third week. After PEP completion, the HCW had a negative HIV-1 enzyme-linked immunosorbent assay (ELISA) and reported no symptoms (the authors do not mention detection of viral nucleic acids in plasma). Six weeks later (11 weeks after the exposure incident), the HCW presented with symptoms consistent with acute retroviral syndrome, her plasma viral load was >2 million copies/mL, and she had a positive HIV-1 ELISA and an indeterminate HIV-1 Western blot, which set her diagnosis as acute HIV-1 infection, Fiebig stage IV [12] .
The authors characterized the viral populations within the HCW, using a sample obtained 81 days after exposure, and compared them to those in a sample retrieved from the source patient (obtained 8 days after the exposure incident). They used the gold-standard technique: single-genome sequencing (SGS), which consists of polymerase chain reaction-based amplification and direct sequencing preceded by sample dilution to a level where most sequences are statistically assumed to derive from a single amplifiable molecule [13] . They studied 2 subgenomic regions: the fulllength pol gene (71 sequences from the HCW and 38 from the source patient) and the gp41-coding area in the env gene (100 sequences from the HCW and 23 from the source patient). The close genetic relatedness between viral sequences from both individuals, as well as the interspersed location of sequences in the phylogenetic trees, demonstrated epidemiological linkage between the source patient and the HCW. The level of genetic diversity among HIV from the source patient was consistent with that of a chronic infection, whereas the viruses from the HCW presented an altogether different profile: "multiple sets of identical or nearly identical sequences." This pattern is consistent with very recent HIV-1 infection with multiple transmitted/founder (T/F) viruses [13] . The authors were able to define at least 14-15 lineages in each of the subgenomic areas, and they also identified recombinants among the different lineages. The HCW's viral lineages were interspersed in the source patient's phylogeny, which indicates "absence of obvious selection for particular variants in the transmission event." Infections initiated by multiple T/F viral strains have been described previously [14] and tend to be more common when there is nonmucosal exposure (eg, among injection drug users) [15] .
One of the original and innovative aspects of the current study is that sampling multiple strains through SGS allowed the authors to calculate the time to the most recent common ancestor (MRCA), based on a model that assumes exponentially growing population in the absence of differential selection [16] . They found that the time to the MRCA of the main HCW lineages was 14-37 days before sampling (ie, 44-67 days after the exposure incident). This surprising finding may suggest that "each sequence lineage evolved from a discrete T/ F virus that began to replicate only after PEP was discontinued."
Why was it that at least 15 T/F viruses established infection in the setting of prompt and potent combination antiretroviral therapy? The report of the case and the molecular evidence indicates that the classical factors-timing of treatment initiation, adherence to treatment, and viral resistance-were likely not the reasons for PEP failure: (1) PEP was initiated within 2 hours after exposure, (2) the HCW completed the prescribed 4week treatment (the authors report a 4day interruption of treatment, but they do not comment on the cause), or (3) the HCW's viral sequences did not carry mutations in the pol gene that would confer resistance to the prescribed antiretroviral PEP, just the aforementioned nevirapine resistance-associated mutation that was already present in the source patient. This argues against the transmission or emergence of drug-resistant viruses as the reason for PEP failure.
The authors suggest this is a case of virus sequestration and associated evolutionary arrest and suggest a number of possible mechanisms. They disfavored preintegration or postintegration latency, because the former was not consistent with the life span of preintegration complexes (ie, in the order of days [17] ) and the latter would have required the infection of an immense number of CD4 + T cells during the initial hours after exposure to generate enough latently infected memory CD4 + T cells to give rise to all of the observed viral lineages. They also dismissed incomplete suppression of virus replication, because this would be inconsistent with the low level of genetic diversity within each of the lineages and the absence of mutations associated with resistance to the PEP regimen.
The authors favor the hypothesis that the virus was trapped and sequestered by follicular dendritic cells (DCs) or other antigen-presenting cells, which would be supported by the observation in animal models and ex vivo experiments with human cells that indicate that trapped HIV-1 particles can remain infectious for several months [18] . Interestingly, the trapping of HIV-1 by follicular DCs is mediated by Fc gamma receptors on the surface of these cells and requires the viral particles to be in the form of immune complexes with viral-specific antibodies [19] . A requirement of this plausible hypothesis is the presence of preformed antibody-virus complexes, rather than free viral particles, in the source patient at the time of exposure. This is a hypothesis that can be tested in nonhuman primate models by simulating occupational exposure to either free viral particles or antibody-virus complexes and then administering PEP. If corroborated, this would signify an important change in the way PEP is studied. Moreover, this could also have implications for other related fields, such as vaccines or preexposure prophylaxis. For example, in a very recent trial conducted by the Bangkok Tenofovir Study Group, in which the daily use of tenofovir reduced the risk of HIV acquisition among injection-drug users by 48.9%, poor adherence was only partly responsible for the lack of protection in the treated arm [20] . Did viral sequestration and evolutionary arrest manifest itself in these patients?
While this study does not constitute the first report of the failure of highly active antiretroviral therapy as PEP, it is the first to use an in-depth and systematic molecular analysis that presents testable hypotheses for nonhuman primate studies that could, when more fully delineated, make the case for changes in the recommendations for PEP. Financial support. This work was supported by the Henry M. Jackson Foundation for the Advancement of Military Medicine and the US Department of Defense (cooperative agreement W81XWH-11-2-0174), as well as by the National Institute of Allergy and Infectious Diseases.
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